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Abstract
Project budget and schedule overruns are becoming critical challenges within the petroleum and chemical industry due to
a sharp decline in the oil prices and the subsequent impact this has had on the global financial market. Although innovative
project control systems (PCSs) are typically employed in this sector, experience reveals that such systems do not
guarantee project success unless they are effectively implemented. The effective implementation of such systems should
show financial governance and control, improved profit and financial forecasting, and the ability to forecast and mitigate
negative cost impact. This study aims to identify, examine, and prioritize the enablers and barriers linked with successful
implementation of PCS. A multicriteria model was used to collect, evaluate, and analyze data from petroleum and chemical
firms in Saudi Arabia. A total of 9 enablers and 15 barriers were identified. The research revealed that skilled project team
members and clear definition of roles and responsibilities are key enablers of successful PCS. The most critical barriers
identified by this study were poor skills in scheduling and controlling along with a distrust of the control system. Other
barriers identified include disparate control systems between owner and contractor and vague contract deliverables.
These findings emphasize the need to (1) build a project team with the right skills and clear roles, (2) develop a control
system that is accurate and trusted by the project team, and (3) develop a shared understanding between owner and
contractor about the control system and contract deliverables, in order to successfully implement PCS.
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Introduction
The petroleum and chemical industry is considered as the
key sector that drives the development of Saudi Arabia’s
economy. According to the annual report of the Saudi Ara-
bian Business Council,1 Saudi Arabia is the second largest
oil producing country, next to Russia, with nine massive oil
refineries, producing approximately 13% of the world’s
share of oil. Billions of dollars have been invested to
increase its production capacity through the development
of numerous oil and gas mega projects. Further, Saudi
Arabia is classified as one of the largest petrochemical
suppliers in the world, with nearly 15% of the market share
profile, 49 petrochemical products, and over 59 projects.
Successful delivery of petroleum and chemical projects, in
terms of both time and cost, is considered to be a critical
issue in Saudi Arabia.1–3
Petroleum and chemical projects, in particular refi-
neries, pipelines, and petrochemical plants, contain a high
level of uncertainty and risk due to their large scope of
work, long project duration, technological complexity, and
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multiple geographical sites.4 Miller and Lessard5 included
three additional contributors to uncertainty in such projects:
resources and market risks, engineering and design com-
plications, and construction difficulties. The large number
of organizations and stakeholders involved in petroleum
and chemical projects such as owner, contractor, govern-
ment, and customer is another potential source of uncer-
tainty.6 Given the high level of uncertainty within these
projects, proper monitoring and control of project perfor-
mance is vital to avoid cost overruns, limit financial losses,
and improve predictability. The utilization of a project con-
trol system (PCS) that measures and evaluates the variance
between the project plan and actual project performance
plays an essential role in achieving successful outcomes.
A PCS involves data gathering, analysis, and manage-
ment processes that are used to forecast, predict, and
understand the time and cost outcomes of a project or
program.7–10 A review of previous literature shows that
several project control techniques, such as program evalua-
tion and review technique, earned value analysis (EVA),
and critical path method, have been developed and used to
design a PCS for many organizations. In addition, a variety
of software programs have been developed to support the
application of these project control methods.11,12 The prob-
lem is that these techniques, though beneficial, are only
part of the solution, on their own they do not constitute a
project control process.
To date, the literature on project control has focused on
examining the PCSs themselves particularly the design and
development of new systems that use complex mathemat-
ical tools and employ high levels of information technolo-
gies. However, these tools and technologies cannot deliver
project control unless they are effectively implemented.
There is a paucity of literature addressing the issue of
PCS implementation. This study provides new understand-
ing through the identification of the most impactful
enablers and barriers for successful PCS implementation
within the petroleum and chemical industry in Saudi Ara-
bia. The study examines the importance of enablers and
barriers by proposing a fuzzy analytic hierarchy model
(FAHM) to target planning decisions that improve the func-
tionality and performance of a PCS. The objectives of this
study are as follows:
1. to examine the main enablers and barriers to PCS
implementation in the petroleum and chemical
industry in Saudi Arabia and
2. to establish a multicriteria model to evaluate and
prioritize the identified enablers and barriers.
The remainder of this article is structured as follows.
“Enablers and barriers of PCS implementation” section
presents the key enablers and barriers of PCS implementa-
tion. Following this, the research methodology is described
in “Research methodology” section, and the results of the
study are reported in “Data analysis and results” section.
The final sections present the discussion and conclusions of
the study.
Enablers and barriers of PCS
implementation
The literature review shows that only a small number of
papers have addressed the issue of identifying the main
characteristics of PCS implementation. PCS is the process
of integrating all aspects of the project plan, validating that
the plans are comprehensive and consistent with require-
ments, initiating mechanisms for project control, and com-
municating the integrated project plan to those responsible
for the project’s work packages.9 In this context, project
planning and control mechanisms are generally considered
as a root cause of many enablers and barriers of PCS imple-
mentation. Backlund13 suggests three criteria for successful
PCS implementation: (1) planning and controlling process,
(2) the experience and analytical ability of project person-
nel, and (3) the commitment of a high management.
Jiang et al.14 found in a study on project control effec-
tiveness in the software development industry that all the
project managers interviewed agreed that the analytical
ability of project personnel is considered a key driver for
effective PCS implementation in their sector. Safronova
and Dokuchaev15 point out that effective project planning
is a critical dimension to PCS implementation. The findings
from the same study also show that the most critical success
factors for implementation are (1) effective control pro-
cesses and (2) commitment of top management. Hyde16
identifies two dimensions for PCS implementation in any
organization: (1) implementation strategy and (2) employ-
ing a knowledgeable project control staff.
Go¨ro¨g,17 in his empirical study of the petroleum and
chemical industry, stressed that successful project man-
agement is dependent on the proper use of PCS and
procedures. The study lists two key dimensions for
implementing effective PCS in the petroleum and chem-
ical industry: (1) effective project planning and (2)
effective project control. Project managers must be
familiar with these systems and procedures and their
implementation. Milosevic and Patanakul18 identified
that an effective implementation strategy, including
information technology and standard project control pro-
cesses, is critical for the successful implementation of
PCS. Benjaoran,19 in his empirical study of five small
and medium-sized contractors, introduced a new system
for cost control based on the EVA concept. The imple-
mentation of this system identified general limitations
related to both physical and psychological factors
including information technology, effective human
resources, management support, and user acceptance.
This short literature review has shown that the enablers
and barriers of PCS can be cluster around five main dimen-
sions. These are (1) project planning, (2) performance mea-
surement, (3) top management involvement, (4) project
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management team, and (5) implementation strategy. The
enablers and barriers that relate to each of these dimensions
are discussed below.
Enablers
For many organizations, PCS implementation begins
with effective project planning including a clear scope
plan, accurate and detailed work breakdown structure
(WBS), effective resource management plan, effective
schedule management plan, accurate cost baseline, and
an effective risk and quality management plan.17,19,20
Garza21 identified both (1) established clear perfor-
mance measures and (2) common planning formats as
two planning enables of PCS.
An effective project plan needs to be controlled through
implementing valid performance measurements.22 These
measurements refer to effective change control manage-
ment, an accurate progress measurement system, frequent
evaluation, reporting, standard use of EVA, analysis and
diagnosis of reported project variances, and realistic fore-
casting of project cost and duration at completion.22–24
Within performance measurement, Olawale and Sun25
showed that the EVA technique contributes significantly
to PCS implementation. Benefits from EVA have also been
supported by Go¨ro¨g17 as it provides a baseline for compar-
ison between the planned/actual schedule and costs to make
informed decisions on project outcomes.
Top management involvement is a major driver of PCS
implementation effectiveness. Recognition that the PCS is
a business requirement, coordination between different
control tools and systems, and clear identification of project
control procedures are important enablers of PCS.26–29
The project management team is another significant
dimension of implementing PCS. In order to improve
PCS, the organizations must ensure that their project man-
agement community has the necessary skills to understand
the concept and philosophy of PCS.30 Mehta29 found that
skilled and experienced project personal and clear respon-
sibility assignments were positively related to enhance
PCS execution.
From a system perspective, a successful implementation
strategy is one that encompasses information technology,
training in the utilization of computer software and proce-
dures, definition of the requirements for a PCS, and the
development of PCS guidance and work instructions.21,31,32
Pellicer33 reported that both the standardization of a control
management process and the implementation of “best
practice” project control enhance the effectiveness of PCS
by reducing the effort required to collect and enter data and
produce reports.
In summary, the enablers of PCS can be grouped into
five dimensions: project planning, performance measure-
ment, top management involvement, project management
team, and implementation strategy. Across these five
dimensions, 26 enablers have been classified (see Table 1).
Barriers
Although the enablers of PCS have been addressed in the
literature, little is published about the barriers of PCS. It is
crucial, therefore, to examine the barriers that affect PCS
implementation. Based on the reviewed literature, the bar-
riers of PCS are found within just two of the five dimen-
sions previously described: (1) project planning and (2)
project management team.
The absence of clear planning for project objectives
has been identified as a major barrier of PCS.25,34,36 Com-
plex project objectives lead to increased complications in
PCS implementation. Specifically, within petroleum and
chemical projects, the variance between the owner and
contractor in defining their PCS is an issue that limits the
effectiveness of PCS implementation. Studies that focus
on this area emphasized that failure in planning a control
methodology for a particular contracting strategy, inaccu-
rate planning for contract deliverables, inaccurate plan-
ning for payment of contractors, and indistinct criterion
used to define project completion are the main barriers to
PCS.4,37,38
In the project management team dimension, barriers
refer to the lack of experience of the project team, a lack
of clearly defined team members roles, and dislike or dis-
trust of control systems.14,29 The effective implementation
of PCS requires full alignment of the project team that is
typically in conflict with the natural human sense for free-
dom that resists any attempt toward the evaluation and
measurement of performance. Based on the above, eight
barriers are listed in Table 2.
Although previous research in this area has identified
many key enablers and barriers of PCS, no work has been
carried out on the prioritization of those factors that can
guide the organization to achieve a major improvement on
PCS implementation. An examination of how both enablers
and barriers affect the implementation of PCS in petroleum
and chemical projects is key to understanding the philoso-
phy behind the effective implementation of PCS. There-
fore, this study uses a fuzzy multicriteria process for
identifying the critical enablers and barriers of PCS.
Research methodology
Multicriteria model for enablers and barriers
of PCS implementation
Prioritizing the enablers and barriers of PCS implementa-
tion involves quantifying the relative importance of those
subjective factors based on the viewpoints of experts in the
industry. The prioritization process in this study gives rise
to difficulty in the ranking of multiple subjective factors as
well as the uncertainty of human preferences that can affect
the reliability of the final results.
The analytic hierarchy process (AHP), introduced by
Saaty,39 is a powerful decision-making methodology for
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solving problems with multiple, and usually conflicting,
factors to determine the priorities among those factors. It
uses a multilevel hierarchical structure consisting of overall
goal, decision factors, and subfactors or alternative options.
In this context, the AHP helps to capture both subjective
and objective aspects of a decision by reducing complex
decision problems to a series of pairwise comparisons and
then synthesizing the result. These comparisons are used to
obtain the weights of importance of the decision factors and
the relative performance measures of the alternatives in
terms of each individual decision factors. The concept of
pairwise comparison in the AHP depends on comparing
each pair of factors in the same level to achieve the most
suitable compromise among the different factors not opti-
mizing each single factor.40–42
Although the AHP is considered one of the most effec-
tive decision-making tools, always guided by the decision
maker’s experience and capable of translating users’ eva-
luation into a multifactor ranking, it is difficult to map
qualitative preferences to point estimates. Hence, a degree
of uncertainty exists with some or all pairwise comparison
values in the AHP method. Buckley et al.43 enhanced
Saaty’s AHP where the decision makers are allowed to
employ fuzzy ratios in place of exact ratios to deal with
the difficulty for people assigning exact ratios when com-
paring two factors.
This study employed Buckley’s method, FAHM, which
integrates the AHP method and fuzzy weights in an attempt
to meet the challenge of multiple decision-making and the
uncertainty and vagueness of human preferences.
The objective of the FAHM is to break a complex
evaluation problem into a multilevel hierarchical
Table 2. Barriers to PCS implementation.
Dimensions Barriers Reference
1. Project
planning
1. Unclear project goals and
objectives
25,34,36
2. No control methodology for
external contractors
38
3. Inaccurate plan for contract
deliverables
4,37,38
4. Inaccurate plan of payment of
contractors
4,37,38
5. Indistinct criterion to define the
completion of the project
4,37,38
2. Project
management
teams
6. The team’s lack of general
expertise
14
7. Lack of clear role definitions for
team members
14
8. Dislike or distrust of control
systems
29
PCS: project control system.
Table 1. Enablers to PCS implementation.
Dimensions Enablers References
1. Project planning 1. Clear and written specifications of scope of work 17,19,20
2. Accurate and detailed WBS 17,19,20
3. Effective resources management plan 17,19,20
4. Effective schedule management plan 17,19,20
5. Realistic and accurate cost baseline 17,19,20
6. Effective risk management plan 17,19,20
7. Effective quality management plan 17,19,20
8. Clear project performance measure 21
9. Establish a common planning format and infrastructure 21
2. Performance measurement 10. Effective project change control management 23
11. Adoption of an accurate performance measurement mechanism 22–24
12. Frequent evaluation of project performance 22
13. Standard use of EVA 17,25,34
14. Analysis and diagnosis of reported project variances 20,34,35
15. Realistic forecasting of project cost and duration at completion 34
3. Top management involvement 16. Recognition that the PCS is a management requirement 26–29
17. Coordination between different control tools and systems 26–29
18. Clear identification of project control procedures 26–29
4. Project management team 19. Skilled and experienced project cost engineer 29,30
20. Clearly define roles and responsibilities 30
5. Implementation strategy 21. Implement the information technologies (software and hardware) for sharing
accurate and timely project data
31,32
22. Standard project control processes 33
23. The implementation of international “best practice” project control 33
24. Define requirements for a PCS 21
25. Develop PCSs guidance and work instructions 21
26. Provide training in the utilization of computer software and procedures 21
PCS: project control system; WBS: work breakdown structure; EVA: earned value analysis.
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structure, with the main goal defined as level 1, decision
factors as level 2, and subfactors as level 3. Factors are
then compared at each particular level of the structure
using fuzzy numbers in pairs to evaluate their relative
preference, and the results are ranked using mathemati-
cal calculations.44
The analysis methodology of FAHM employed in this
study can be described with three main steps: (1) pairwise
comparison, (2) aggregating the fuzzy evaluation of sample
members, and (3) calculating final weight for each fac-
tor.45–48
Step 1: Pairwise comparison
In order to prioritize the factors in the FAHM, a pairwise
comparison matrix and the corresponding triangular fuzzy
number (TFN) is generated for each factor in a particular
level of the FAHM. The TFN (aˇ) is the result of a pairwise
comparison between two factors and consists of three val-
ues ðl;m;UÞ, where l is the lower bound of the TFN aˇ, m
is the middle value, and U shows the upper bound. These
three values of TFN will follow the fuzzy membership
equation with a linguistic scale from 1 to 947:
mðwÞ ¼
K l
m l l  K  m
u K
u m m < K  U
0 otherwise
8>>><
>>:
ð1Þ
Equation (1) defines the fuzzy set membership
shown in Figure 1 as F ¼ fðK; mðKÞK 2 UÞg, where
K takes its values on the real line, U is the universe
of discourse, and m(K) is a membership function whose
values lie between [0, 1]. Table 3 shows the linguistic
scale with corresponding TFN value that has been
applied in this study.
Using this scale, the pairwise comparison matrix Aˇ of a
group of factors in FAHM is constructed. This matrix
includes all TFNs aˇ ij generated from the pairwise compar-
ison process between elements i and j for all i, j 2f1,2, . . . ,
k, . . . .ng as shown in equation (2)
~A ¼
1ˇ aˇ12 . . . . . . aˇ1n
aˇ21 1ˇ . . . . . . aˇ2n
. . . . . . . . . . . . . . .
aˇn1 aˇn2 . . . . . . 1ˇ
2
66664
3
77775
¼
1ˇ 1=aˇ12 . . . . . . 1=aˇ1n
1=aˇ21
~1 . . . . . . 1=aˇ2n
. . . . . . . . . . . . . . .
1=aˇn1 1=aˇn2 . . . . . . 1ˇ
2
6664
3
7775 ð2Þ
where
aˇij ¼
1ˇ; 3ˇ; 5ˇ ; 7ˇ; 9ˇ when i factor is relative importance to factor j
1ˇ when i ¼ j
1ˇ; 1=3ˇ; 1=5ˇ; 1=7ˇ; 1=9ˇ when j factor is relative less importance to factor i
8><
>:
In addition, the consistency index (CI) and consistency
ratio (CR) are the main parameters used to test the relia-
bility for each judgment matrix
CR ¼ CI= randomly generated CI ð3Þ
CI ¼ ðlmax  nÞ=ðn 1Þ ð4Þ
lmax ¼
X
YkXk ð5Þ
where
Figure 1. Fuzzy set membership.
Table 3. Linguistic scales of fuzzy AHP.
Numerical
rating Verbal scale
Fuzzy
number TFN Inverse TFN
1 Equal 1ˇ (1,1,3) (1/3,1,1)
3 Moderate importance 3ˇ (1,3,5) (1/5,1/3,1)
5 Strong importance 5ˇ (3,5,7) (1/7,1/5,1/3)
7 Very strong importance 7ˇ (5,7,9) (1/9,1/7,1/5)
9 Extreme importance 9ˇ (7,9,9) (1/9,1/9,1/7)
AHP: analytic hierarchy process; TFN: triangular fuzzy number.
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Yk ¼
X
aˇij; Xk ¼ bˇk=
X
bˇk ;
bˇk ¼ ½ðaˇk1Þ  ðaˇk2Þ: . . . . . . . . . :ðaˇknÞ1=n
K ¼ f1; 2; . . . ; . . . :ng
Step 2: Aggregate the fuzzy evaluation of sample mem-
bers and calculate the fuzzy number
Fuzzy pairwise comparisons can be combined by the use
of the geometric mean and also for lij, mij, and uij which
delivers fuzzy group weightings. Geometric mean opera-
tions are commonly used within the application of the AHP
for aggregating group decisions49
lij ¼
YK
k¼1
lijk
 !
1=K:
; mij ¼
YK
k¼1
mijk
 !
1=K:
; uij ¼
YK
k¼1
uijk
 !
1=K
ð6Þ
where (lijk ; mijk ; uijkÞ is the fuzzy evaluation of sample
members k (k ¼ 1,2, . . . , K).
Based on the combined results of all decision makers,
the priorities of each factor have been estimated using the
geometric mean method of Buckley as shown in the fol-
lowing equations43,50,51 where
rˇi ¼
Yn
j¼1
aˇij
 !1=n
ð7Þ
wˇi ¼ rˇi 
Xn
i¼1
rˇi
 !1
; i ¼ 1; 2; :::n ð8Þ
Step 3: Calculating final weight for each factor
In order to complete the comparison process for each
enabler and barrier in a nonfuzzy ranking method, non-
fuzzy value should be calculated. Since the FAHM tech-
nique is based on fuzzy sets theory and fuzzy interval, it
is not always obvious how to determine the optimal
alternative and this involves the issue of ranking fuzzy
numbers or defuzzification. The literature review has
shown that even though more than 30 defuzzified meth-
ods have been proposed in the last 25 years, five meth-
ods seem to be major: center of area (COA), bisector of
area (BOA), mean of maximum (MOM), smallest of
maximum (SOM), and largest of maximum (LOM). In
general, COA, BOA, and MOM methods are giving
approximately the same results where as for the SOM
and LOM approaches have a wide variation in the
results. The reason for this is that these two methods
use the two extreme smallest or largest values for the
calculation of the nonfuzzy numbers.52–54
In this study, COA method has been employed to
defuzzify the previously calculated fuzzy weights. The
COA defuzzification method effectively calculates the
best compromise between multiple output linguistic
terms in FAHM by converting the membership of the
output linguistic variables into numerical values. This
method calculates the best nonfuzzy performance value
(BNP) using the following equation (Hsieh, Lu et al.,
2004)55:
BNP ¼ wi ¼ ½ðUwˇi  LwˇiÞ þ ðMwˇi  LwˇiÞ
3 þ Lwˇi
8 i ð9Þ
However, there are important operation laws of the two
TFNs aˇ1 ¼ (l1, m1, U1) and aˇ2 ¼ (l2, m2, U2) as shown in the
following equations which are necessary for the previous
analysis steps (Hsieh, Lu et al., 2004):
aˇ1  aˇ2 ¼ ðl1;m1;U1Þ ðl2;m2;U2Þ
¼ ðl1 þ l2;m1 þ m2;U1 þ U2Þ ð10Þ
aˇ1  aˇ2 ¼ ðl1;m1;U1Þ ðl2;m2;U2Þ
¼ ðl1  l2;m1  m2;U1  U2Þ ð11Þ
aˇ1 aˇ2 ¼ ðl1;m1;U 1Þðl2;m2;U 2Þ
¼ ðl1l2;m1m2;U1U2Þ for li > 0; mi > 0; U i > 0
ð12Þ
aˇ1 	 aˇ2 ¼ ðl1;m1;U 1Þ	 ðl2;m2;U2Þ
¼ ðl1=l2;m1=m2;U1=U 2Þ for li > 0; mi > 0; U i > 0
ð13Þ
aˇ1
1 ¼ ðl1;m1;U1Þ1
¼ ð1=U1; 1=m1; 1=l1Þ for li > 0; mi > 0; U i > 0
ð14Þ
Application of the model
The methodology in this research is to identify the
enablers and barriers of PCS from a comprehensive lit-
erature review that is consolidated using experts’ opi-
nions. To achieve this purpose, 26 enablers and 8
barriers of PCS have been identified throughout the lit-
erature review. In the next phase, key informant inter-
view methodology was implemented to elicit data from
industry experts. A total of 12 experts from both owner
and contractor companies, with between 20 and 35 years
of experience as project managers, cost engineers, and/
or schedulers in large Saudi oil, gas, and petrochemicals
companies, were asked to identify enablers and barriers
of PCS based on their experience. The results identified
the final list, based on both the literature and expert’s
opinions, of 29 enablers and 19 barriers classified within
five main dimensions: project planning, performance
measurement, top management involvement, project
management team, and implementation strategy. As
those enablers and barriers are subjective by their
nature, the prioritization process is complex and uncer-
tain. Therefore, a multicriteria model in fuzzy environ-
ment is developed to help the decision makers to select
the critical factors that best suit their needs.
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The first step in applying this model is to clearly identify
the main goal (level 1) as well as the factors (level 2) and
subfactors (level 3) that affects this goal (see Figure 2).
The second step is to develop the survey questionnaire
for the research model. Four cost engineers from two petro-
leum and chemical companies tested a draft of the survey’s
Level 1: Main goal 
Level 2: Main dimensions 
of PCS
To Successfully
Implement PCS
in Petroleum
and Chemical
projects
U1: Project 
planning
Level 3: Sub factors (enablers and barriers to PCS)
1. Clear & written specifications of Scope of Work 
2. Accurate & detailed WBS
3. Effective resources management plan 
4. Effective schedule management plan
5. Realistic & accurate cost baseline
6. Effective risk management plan 
7. Effective quality management plan
8. Clear project performance measure
9. Establish a common planning format & infrastructure 
U2: Performance 
measurement 
U3: Top 
management 
involvement
U4: Project 
management team
U5: Implementation 
strategy
1. Unclear project goals and objectives
2. No control methodology for external contractors
3. Vague contract deliverables 
4. Open-ended payment terms for contractors 
5. Un-clear project milestones 
6. Lack of an effective cash flow plan
1. Effective project change control management 
2. Accurate physical performance measurement 
3. Frequent evaluation of physical project 
4. Standard use of Earned Value Analysis (EVA) 
5. Analysis and diagnosis of reported project variances
6. Realistic forecasting of project cost and duration at 
completion
1. Poor reporting system 
2. Inability to keep t rack of current status and changes 
3. Lack of earned - value - based status reporting 
4. Disparate control system between owner and contractor
1. Recognition that an effective PCS is a hallmark of good 
management 
2. Coordination between different control tools & systems 
3. Clear identification of project control procedures 
4. Sell the vision of ‘effective project control system is an 
asset, not a burden’ to project staff
1. Un - trained/ inexperienced managers
2. Lack of commitment from management team to the 
project control systems and tools
1. Skilled and experienced project team members 
2. Clearly define roles and responsibilities
1. Dislike or distrust of control systems 
2. The team’s lack of general expertise 
3. Lack of clear role definitions for team members 
4. Poor skills in scheduling and cost management
1. Provide the necessary information technologies for sharing 
accurate and timely project data 
2. Standard project control processes 
3. Implement “best practice” control processes 
4. Define project controls systems guidance instructions 
5. Provide workshops and training sessions 
6. Interactive database 
7. Effective Schedule Management System 
8. Effective Cost Management System 
1. Lack of standard processes 
2. Poor practices in comparison to international best practices 
3. Lack of information communication
E
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Figure 2. Multicriteria evaluation model for research problem.
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questionnaire. The validation of those four cost engineers
resulted in some survey’s questions to be changed. The
validated questionnaire consists of six main sections pre-
sented as pairwise comparison. The first section compares
the relative importance of the five main dimensions of PCS
implementation, while the subsequent five sections com-
pare the relative importance of subfactors (enablers and
barriers) within each dimension. The evaluation methods
utilized pairwise comparison on a scale of 1 to 9 as shown
in Table 3.
A total of 50 questionnaires were administered via
e-mail to people from large owner and contractor compa-
nies in the petroleum and chemical sector. From this sam-
ple, a total of 17 questionnaires were completed and
returned representing a 34% response rate. This response
rate was expected due to the high level of competitiveness
and confidentiality that exist within the petroleum and
chemical industry. Two returned questionnaires were
excluded as they failed the consistency test. Table 4 shows
the respondents’ profile collected from the questionnaires
(n ¼ 17); 67% of the responses were from owner compa-
nies (where 40% were oil and gas companies and 27% were
petrochemical companies), while 33% were from contrac-
tor companies. In terms of the respondents’ position pro-
files, 60% were cost engineers, 13% were schedulers, and
27% were project managers. In addition, 67% of the
respondents had more than 25 years of experience in the
petroleum and chemical sector.
Data analysis and results
Relative importance of the five dimensions to PCS
implementation
This section describes the three steps of FAHM analysis
used to obtain the final weight for prioritizing the dimen-
sions of PCS.
Step 1: The pairwise comparison matrices are generated
according to the preferences of the 15 respondents about
the main dimensions of PCS implementation: (U1) project
planning, (U2) performance measurement and evaluation,
(U3) top management involvement, (U4) project
management teams, and (U5) implementation strategy.
Applying the linguistic scales from 1 to 9 to the corre-
sponding fuzzy numbers (see Table 3), the following
matrixes were generated (Figure 3).
Step 2: This step aggregates the fuzzy evaluation of
sample members’ k (k ¼ 1,2, . . . ,15) and generates a com-
bined pairwise matrix as shown in the following example:
U1=U2 ¼ aˇ12
¼ 1ˇ5ˇ1ˇ3ˇ3ˇ7ˇ13ˇ1ˇ9ˇ9ˇ1ˇ1ˇ1ˇ1ˇ1ˇ
 1=15
¼ ð1:205; 1:633; 3:398Þ
The other elements of pairwise comparison matrix were
calculated using the same equation. A combined pairwise
matrix of the five dimensions of PCS implementation is
shown in Table 5.
Step 3: The final weight for each dimension
Ui ði ¼ 1; 2; . . . . . . ; 5Þ was then calculated by apply-
ing the geometric mean equations of Buckley50 as shown in
the following example:
rˇ1 ¼ ðaˇ11aˇ12aˇ13aˇ14aˇ15Þ1=5
¼

ð1 
 1:205 
 1:218 
 0:417 
 1:297Þ1=5;
ð1 
 1:633 
 2:130 
 0:602 
 1:768Þ1=5;
ð1 
 3:398 
 3:577 
 1:326 
 3:017Þ1=5

¼ ð0:955; 1:299; 2:709Þ
rˇ2, rˇ3, rˇ4, and rˇ5 are calculated as rˇ1:
rˇ2 ¼ ð0:816; 1:075; 2:305Þ; rˇ3 ¼ ð0:355; 0:502; 0:998Þ;
rˇ4 ¼ ð1:537; 2:079; 4:102Þ; rˇ5 ¼ ð0:566; 0:766; 1:552Þ
Furthermore, the fuzzy weight of each dimension Ui can
be obtained as follows:
wˇ1 ¼ rˇ1 ðrˇ1  rˇ2  rˇ3  rˇ4  rˇ5Þ1
¼ ð0:955; 1:299; 2:709Þ  ð0:086; 0:175; 0:236Þ
¼ ð0:082; 0:277; 0:641Þ
Finally, the COA method has been applied to calculate
the BNP value with the interest of obtaining the nonfuzzy
weight for each dimension Ui. This has been achieved using
the BNP value as follows:
BNP1 ¼ ½ðUwˇ1  Lwˇ1Þ þ ðMwˇ1  Lwˇ1Þ
3 þ Lwˇ1
¼ ½ð0:641  0:082Þ þ ð0:227  0:082Þ
3 þ 0:082 ¼ 0:317
The final weights of the five dimensions of PCS are
calculated and listed in Table 6. The FAHM analysis indi-
cates that the skills of project team members with weight
0.488 is the most important dimension of PCS implemen-
tation, followed by project planning (0.317) and perfor-
mance measurement (0.268). These results indicate that
the human element in terms of skills, experience,
Table 4. Respondent’s profile.
Respondent’s profile
Company types 67% owner company (40% oil and gas
company and 27% petrochemicals
company) and 33% contractor
company
Respondent’s position 60% were cost engineers, 13% were
schedulers, and 27% were project
manager
Respondent’s years of
experiences
33% have between 10 and 20 years of
experience and 67% have between
20 and 30 years of experience
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responsibilities, and the attitudes toward PCS is vital to the
success of PCS implementation.
Relative importance of enablers and barriers
for PCS implementation
The previous procedures were used to analyze the second
level of the FAHM in order to obtain the weight of each
enabler and barrier. Respondents were asked to judge the
relative importance of the 29 enablers and 19 barriers
using a pairwise comparison method. The enablers and
barriers were compared with respect to dimensions, and
the global weight for each enabler and barrier was calcu-
lated. Global weights in the FAHM are obtained by multi-
plying the weight of enabler or barrier by its dimension
weight. Among these ranked enablers and barriers, this
study has identified 9 enablers and 15 barriers as crucial
factors of successful PCS implementation (see Table 7).
Only the enablers and barriers with a global weight higher
than 0.05 are included in Table 7. The results of the FAHM
suggest that skilled and experienced project team members
with clearly defined roles and responsibilities attained the
highest rank with 0.398 and 0.112 weight scores, respec-
tively. This result confirms that the skills of the project
team is a key factor for the successful PCS implementation.
The rest of the critical enablers are mainly relating to the
project planning and performance measurement dimen-
sions, and they are ranked in order of importance as
Table 6. The weights and rank of the five dimensions of PCS.
Dimensions of PCS Label wi Rank
Effective project planning U1 0.317 2
Performance measurement and evaluation U2 0.268 3
Management’s involvement U3 0.118 5
Skilled project team members U4 0.488 1
Effective implementation strategy U5 0.183 4
PCS: project control system.
Table 5. Pairwise matrix of the five dimensions.
U1 U2 U3 U4 U5
U1 1.000 (1.205,1.633,3.398) (1.218,2.130,3.577) (0.417,0.602,1.326) (1.297,1.768,3.017)
U2 (0.612,0.709,1.827) 1.000 (1.232,2.215,3.577) (0.538,0.655,1.386) (0.894,1.395,2.396)
U3 (0.294,0.491,0.864) (0.284,0.452,0.811) 1.000 (0.195,0.255,0.439) (0.350,0.562,1.070)
U4 (1.088,1.699,3.381) (1.267,1.561,3.340) (2.638,3.916,5.938) 1.000 (2.357,3.741,5.773)
U5 (0.444.0.579,1.010) (0.559,0.893,1.642) (1.045,1.654,3.305) (0.223,0.309,0.547) 1.000
Figure 3. The pairwise comparison matrices for the main dimensions of PCS implementation. PCS: project control system.
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accurate physical performance measurement (0.105), effec-
tive risk management plan (0.085), effective schedule man-
agement plan (0.070), frequent evaluation of physical
project (0.061), accurate cost baseline (0.059), accurate
WBS (0.056), and analysis and diagnosis of reported proj-
ect variances (0.052).
The barriers of PCS are ranked as poor skills in schedul-
ing and cost management (0.251), disparate control system
between owner and contractor (0.135), vague contract deli-
verables (0.130), dislike or distrust of control systems
(0.126), lack of information communication (0.114), the
team’s lack of general expertise (0.102), lack of commit-
ment from management team to the PCSs and tools (0.101),
lack of clear role definitions for team members (0.98),
unclear project milestones (0.095), poor reporting system
(0.077), inability to keep track of current status and changes
(0.072), lack of an effective cash flow plan (0.063), unclear
project goals and objectives (0.063), lack of standard pro-
cesses with (0.063), and week control methodology for
external contractors with (0.051).
As shown in Table 7, the weighting of the barriers is gen-
erally much higher than the weightings of the enablers. This
suggests that focusing on barriers is a helpful approach to
identify areas for the improvement of PSC implementation.
Findings and discussion
The main objective of this study was to identify, examine,
and prioritize the enablers and barriers of successful PCS
implementation in petroleum and chemical projects. To do
this, a multicriteria model has been employed to analyze
multiple significant factors within five dimensions: project
management team, project planning, performance measure-
ment, implementation strategy, and management involve-
ment. An FAHM was used to assist decision makers to
make comparisons between those subjective factors and
to prioritize them based on their needs. Using Buckley’s
analysis methods, the weight of each dimension, enabler,
and barrier is depicted in Tables 5 to 7.
The results of this study indicate that an effective project
planning process and efficient performance measurement
mechanisms play a significant role in implementing PCS
successfully. While technical engineering skills are critical
for successful petroleum and chemical projects, these skills
are no longer sufficient to deal with the uncertainties and
complexities of such projects in dynamic market.30 Other
competences, particularly planning and cost engineering,
are necessary to achieve project objectives. In addition,
effective project planning and performance measurement
are key for successful PCS implementation. Of these two,
our study suggests that the planning process has the greater
impact. A project plan defines the baseline and perfor-
mance indicators for any control methodology. Therefore,
establishing an effective and realistic project plan can
directly improve the outcomes and deliverables of PCS.56
This study identified 9 enablers and 15 barriers that
should be considered prior to any PCS implementation. The
highest ranked enablers relate to the project management
Table 7. A top critical enablers and barriers to PCS successfully implementation.
Enablers and barriers of PCS implementation (dimension) Weight Global weight
Enablers 1 Skilled and experienced project team members (U4) 0.815 0.398
2 Clearly define roles and responsibilities (U4) 0.230 0.112
3 Accurate physical performance measurement (U2) 0.390 0.105
4 Effective risk management plan (U1) 0.267 0.085
5 Effective schedule management plan (U1) 0.221 0.070
6 Frequent evaluation of physical project (U2) 0.227 0.061
7 Realistic and accurate cost baseline (U1) 0.185 0.059
8 Accurate and detailed WBS (U1) 0.176 0.056
9 Analysis and diagnosis of reported project variances (U2) 0.194 0.052
Barriers 1 Poor skills in scheduling and cost management (U4) 0.515 0.251
2 Disparate control system between owner and contractor (U2) 0.504 0.135
3 Vague contract deliverables (U1) 0.410 0.130
4 Dislike or distrust of control systems (U4) 0.259 0.126
5 Lack of information communication (U5) 0.625 0.114
6 The team’s lack of general expertise (U4) 0.208 0.102
7 Lack of commitment from management team to the project control systems and tools (U3) 0.855 0.101
8 Lack of clear role definitions for team members (U4) 0.200 0.098
9 Unclear project milestones (U1) 0.300 0.095
10 Poor reporting system (U2) 0.287 0.077
11 Inability to keep track of current status and changes (U2) 0.270 0.072
12 Lack of an effective cash flow plan (U1) 0.200 0.063
13 Unclear project goals and objectives (U1) 0.199 0.063
14 Lack of standard processes (U5) 0.344 0.063
15 No control methodology for external contractors (U1) 0.160 0.051
PCS: project control system; WBS: work breakdown structure.
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team; building a project team with the right skills and clear
roles appears to have the highest influence on successful
PCS implementation. Team members of large petroleum and
chemical projects should be able provide accurate schedules,
cash flow, expenditures, forecast, and reports as the basis for
any PCS.29 In addition, clearly defined roles and responsi-
bilities for each team member along with sufficient experi-
ence and skill for each role will inevitably have a positive
impact on project success. This result supports the “fit for
purpose” approach to linking project success with project
control proposed by Oni.57 The importance of having a proj-
ect management team with clear roles and the right skill set
is supported by the analysis of the barriers in this study. Poor
skill in scheduling and cost management is identified as the
highest ranking barrier to successful PCS implementation
(see Table 7). The team’s lack of expertise and a lack of
clear role and definitions for team member are also found to
be critical barriers to success.
The analysis of barriers indicates that the control system
used by the project team is a key to implementing PCS
successfully. The implementation of project control is more
successful when the team uses a control system that is liked
and trusted by the project team and supported by top man-
agement. This finding reflects human nature about the per-
ception of control and the subjective ways in which people
may resist performance controls unless they are trusted and
supported. In addition, the study suggests that a PCS should
also be accurate, allow frequent physical evaluation of the
project, track current status and changes, and provide anal-
ysis and diagnosis of project variances. In summary, for
successful implementation of PCS, a control system must
be both accurate and trusted by the project team.
Differing perspectives on PCS between the owner and
contractor is an interesting and important issue in this study.
Vague contract deliverables and project milestones have
been ranked as critical barriers to PCS. These two barriers
are particularly significant in petroleum and chemical proj-
ects, which are usually carried out under different contract-
ing strategies. Defining client acceptance criteria is vital in
implementing PCS, there must be a common understanding
between the owner and contractor of the project scope of
work, cost, milestones, deliverables, and standards. Both
parties should develop shared mechanisms and parameters
to clearly define and control for any exceptional changes to
the original scope, critical path, and the challenges that will
be encountered throughout the life cycle of the project.4,37,38
Unexpectedly, the results from this study show that
implementation strategy and top management support have
little impact on successful PCS (see Table 6). Implemen-
tation strategy was ranked as one of the least important of
the five dimensions examined. Only two elements of imple-
mentation strategy appear in Table 7, both identified as
barriers to successful PCS implementation; these are lack
of information communication and lack of standard pro-
cesses. This supports previous research that suggests that
effective control systems should enable a project team to
receive relevant and accurate information in a consistent
and timely manner.17 Similarly, top management involve-
ment not found to be significant to PCS in this study.
Although control is one of the management functions,29
implementation of PCS is an operational rather than a
strategic activity. This is understandable as strategic con-
trol focuses on business performance while the focus of
operational control is on analyzing and measuring project
performance. This is consistent with the other results from
this study that indicate that operational issues, project
management team, project planning, and performance
measurement are most important for successful PCS
implementation.
Conclusion and implications
The current financial situation in the petroleum and chem-
ical industry has compelled the decision makers in this
sector to improve their strategic capabilities by implement-
ing PCSs. Effective PCS plays a significant role in enabling
organizations to achieve their project objectives success-
fully.56 Projects that are completed behind schedule and
over budget often suffer from failed or inadequate
PCS.4,6,37 In this context, organizations are strongly recom-
mended to implement a PCS that can help to increase
profit, provide the ability to forecast and mitigate negative
cost impact, and provide a baseline to make informed deci-
sions on project outcomes.
The task of implementing a PCS for an organization
particularly in petroleum and chemical industry proves
to be difficult and requires a comprehensive understand-
ing of a wide range of factors and aspects. To date, there
is no published empirical study that identifies the critical
factors of PCS implementation. This study seeks to
address this missing link introducing a new model for
PCS implementation.
The article proposes a framework to support the decision
makers in implementing PCS successfully by identifying
the critical factors that assist in PCS implementation
(enablers) and the difficulties that impair successful imple-
mentation (barriers). A total of 9 enablers and 15 barriers
were identified as crucial to PCS implementation. These
enablers and barriers were classified into five main dimen-
sions: project team members, project planning, perfor-
mance measurement, implementation strategy, and
management involvement.
This study has identified a number of critical factors that
have positive effects on PSC. Successful PCS implemen-
tation in petroleum and chemical projects requires
(1) a project team with the right skills and clear roles,
(2) a control system that is accurate and trusted by the
project team, and (3) a shared understanding between
owner and contractor about the control system and contract
deliverables. In addition, the most critical factors that have
a negative effect on PSC have been identified as poor skills
in scheduling and cost management.
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The proposed framework is based on the FAHP
approach. It is considered as a comprehensive approach for
the evaluation and synthesis of elementary factors, based
on multifactors evaluation and pairwise comparison. This
methodology meets the challenge of multiple decision-
making and the uncertainty and vagueness of human
preferences.
The first limitation in this study is related to the valida-
tion of the findings. Although a reliability test has been
conducted to evaluate the integrity of the research results,
extended industrial testing of the developed model in an
actual PCS implementation process would be a significant
addition to understanding. A second limitation is related to
the focus on the petroleum and chemical industry. The
enablers and barriers of PCS implementation in this study
have been derived from a review of project management
literature but have been refined through an expert project
panel with a primary focus in the petroleum and chemical
industry. Although it expected that the findings might have
general applicability, further studies in different sectors
should be carried out to validate this assumption. More-
over, future research could extend the scope of this study
to establish the relationship between the critical factors for
successful PCS implementation and their impact on project
performance.
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